Although groundwater is a major water supply source in the Kathmandu Valley of Nepal, it is known that the groundwater has significant microbial contamination exceeding the drinking water quality standard recommended by the World Health Organization (WHO), and that this has been implicated in causing a variety of diseases among people living in the valley. However, little is known about the distribution of pathogenic microbes in the groundwater. Here, we analysed the microbial communities of the six water samples from deep tube wells by using the 16S rRNA gene sequences based culture-independent method. The analysis showed that the groundwater has been contaminated with various types of opportunistic microbes in addition to fecal microbes. Particularly, the clonal sequences related to the opportunistic microbes within the genus Acinetobacter were detected in all samples. As many strains of Acinetobacter are known as multi-drug resistant microbes that are currently spreading in the world, we conducted a molecular-based survey for detection of the gene encoding carbapenem-hydrolysing β-lactamase (bla oxa-23-like gene), which is a key enzyme responsible for multi-drug resistance, in the groundwater samples. Nested polymerase chain reaction (PCR) using two specific primer sets for amplifying bla oxa-23-like gene indicated that two of six groundwater samples contain multi-drug resistant Acinetobacter.
INTRODUCTION
Nepal is an underdeveloped and small, land-locked Himalayan kingdom located in South Asia between China in the north and India in the east, south and west. This country is facing severe problems regarding drinking water quality and availability, similar to those occurring in many other developing countries (Warner et al. ) . DNA extraction and purification from the filters was conducted using a QIAamp DNA Stool Mini kit (QIAGEN, Hilden, Germany) with a small modification at the initial step. Specifically, ASL buffer (20 ml) was added to the conical tube containing the membranes, and they were then mixed well by vortexing. After incubation at 70 W C for 30 min, the suspension was centrifuged (14,000 × g)
for 1 min, and 1.2 ml of the supernatant was applied to the remaining steps according to the manufacturer's instructions.
Culture-independent microbial analysis
Polymerase chain reaction (PCR) amplification of the 16S
rRNA genes from the water sample DNA was conducted using two bacterial universal primers, EUB8F (Weisburg The amplified DNA fragments were purified using an illustra GFX PCR purification kit (GE Healthcare, Buckinghamshire, UK), after which they were cloned into E. coli strain DH5α using a pT7 Blue T-vector kit (TaKaRa, Shiga, Japan). The clonal DNA was subsequently amplified from randomly selected recombinants by colony direct PCR using the two primers, pT7-F (5 0 -GATCTACTAGTCATATG GAT-3 0 ) and pT7-R (5 0 -TCGGTACCCGGGGATCCGAT-3 0 ), which were specific to the vector sites flanking the insert 
where n is the number of unique clones and N is the total number of clones analysed. The PCR products from representative clones of each of the RFLP groups were purified using an Illustra GFX PCR DNA and gel purification kit (GE Healthcare), after which they were sequenced as previously described using primer EUB907R (Tamaki et al.
The obtained data were compared with those in the NCBI database by using the BLAST search program (http:// www.ncbi.nlm.nih.gov/blast/).
Detection of carbapenem-hydrolysing β-lactamase gene
To determine if genes encoding carbapenem-hydrolysing β-lactamase (bla oxa-23-like gene) were present in the groundwater samples, nested PCR was conducted using two sets of nucleotide primers that were specific to the gene of Acinetobacter.
The outer primers, OXA23-F1 (5 0 -AATATGTGCCAGCCTC TACA-3 0 ) and OXA23-R1 (5 0 -TTAAATAATATTCAGCTGTT-3 0 ), which amplify a 602-bp sequence of the bla oxa-23-like gene, were designed based on comparison with sequences of bla oxa-23-like genes from some bacterial strains belonging to the genus Acinetobacter. The primer set OXA23-F2
which was designed to amplify 501-bp sequence of the bla oxa-23-like gene, was used as the inner primer set. First step amplification was conducted using the primers OXA23-F1
and OXA23-R1. The reaction mixture for this PCR step was prepared using the same method used for amplification of the 16S rRNA gene. Thermal cycling was carried out as follows: 95 W C for 5 min; 35 cycles of 1 min at 94 W C, 1 min at 55 W C, 1 min at 72 W C; and final extension at 72 W C for 10 min. Next, 0.5 μl of the amplified product was applied to the second step PCR, which was conducted using the inner primers OXA23-F2 and OXA23-R2 in the same manner as described above. The PCR amplification products were analysed by agarose gel (2% w/v) electrophoresis followed by ethidium bromide staining.
To check whether the nested PCR amplified the correct target gene, cloning and sequencing of the amplified DNA fragments were performed using the same methods as analysis of 16S rRNA genes.
Nucleotide accession numbers
The nucleotide sequence data determined in this study have been deposited in the DDBJ/EMBL/GenBank databases under accession numbers AB635865 to AB636074 for the 16S rRNA gene clones and AB636075 to AB636104 for the bla oxa-23-like gene clones.
RESULTS AND DISCUSSION
Analysis of microbial communities 
Detection of the gene for carbapenem-hydrolysing β-lactamase
In this study, various opportunistic microbial species were detected as described above (Table 2 ). In particular, the clones related to any of four bacterial species belonging to the genus Acinetobacter were present in all groundwater samples. The genus Acinetobacter consists of more than 20 species, of which A. baumannii, A. calcoaceticus, A. johnsonii b The clone number detected in each sample is provided in parentheses.
c Only a portion of the strains, e.g. Enterohemorrhagic E. coli strains, are BSL-2 pathogens.
Bacterial characters including pathogenicity were obtained from reports by Headings et al. (1978) , Pal et al. (1981) , Sugarman & Clarridge (1982) , Carrascosa et al. (1994) , Burnette-Curley et al. (1995 ), Jakab et al. (1996 , Echeverría et al. (1998 ), Fernández-Garayzábal et al. (1998 , Montejo & Aguirrebengoe (1998 ), Falsen et al. (1999 ), Filka et al. (2000 , Grant et al. (2000) , Hunt et al. (2000) , Tronel et al. (2001) , White et al. (2002) , Gopal et al. (2003) , Han & Tarrand (2004) , Khan et al. (2004) , Anil et al. (2007) , Maragakis & Perl (2008) , Renton et al. (2008) , Dinani et al. (2009 ), Hung et al. (2009 ), Dessinioti & Katsambas (2010 , Kim (2010) , Pennington (2010) , Turton et al. (2010) , Uçkay et al. (2010) and Horii et al. (2011) . 
CONCLUSIONS
In the present study, we analysed the microbial communities 
